Determination of the structure of the yeast telomerase RNA component TLC1 has been hampered by its large size and high rate of evolutionary divergence. But detailed phylogenetic comparisons have now revealed the unusually flexible and modular architecture of this important RNA molecule.
The enzyme telomerase is responsible for addition of Grich simple sequences to the DNA strand that extends from 5′ ′ to 3′ ′ at each end of a linear eukaryotic chromosome. Telomerase is unusual in using a template embedded in its RNA component for the addition of simple sequences. Telomerase thereby provides a mechanism to complete replication by compensating for the expected shortening due to loss of the terminal RNA primer after DNA replication. The core telomerase, sufficient for activity in vitro, has two components: telomerase RNA and the telomere reverse transcriptase (TERT). The telomerase holoenzyme in vivo is a far more complex ribonucleoprotein (RNP) particle, with numerous factors that serve essential functions in core telomerase loading, activation and processivity. Included among these proteins are the double-strand break and telomere binding heterodimer Ku, the telomerase recruiter/activator protein Ever-shorter telomere 1 (Est1p), and the Sm antigens that have long been known as a common constituent of RNP particles.
The elucidation of telomerase RNA structure is one of the keys to understanding telomerase function and regulation. Phylogenetic comparisons of telomerase RNA sequences have been quite successful in ciliates and vertebrates, and have led to a consensus telomerase RNA structure [1, 2] . In particular, RNA domains have been identified that affect template usage [3, 4] and TERT association [5] . Significantly, human mutations that alter the equilibrium between different conformational and modification states of telomerase RNAs can result in the disease states dyskeratosis congenita and aplastic anemia [6, 7] .
Ironically, structural analysis of telomerase RNA in the budding yeast Saccharomyces cerevisiae has lagged behind that in less genetically tractable species, such as ciliates, providing a substantial barrier to mechanistic progress. The yeast telomerase RNA, TLC1, is too large (1. 's lab, is not only essential [9] , but also sufficient for the in vitro association of Est1p with TLC1 RNA. Remarkably, the authors [13] found that transfer of this secondary structure 'module' to other regions of TLC1 permits Est1p binding in vitro and full telomerase activity in vivo.
The primary functional determinant in TLC1 RNA thus appears to be at the secondary structure level. This finding suggests that the TLC1 RNA structure consists of a scaffold into which are plugged modular binding sites for telomeric regulatory proteins. Supporting this view, the Sm antigen sites do not have to be placed in a specific region of TLC1 relative to the RNA ends [13] . The modular secondary structure of TLC1 RNA is unusual and, given the need of the corresponding binding factors to interact in vivo, is likely to also be accompanied by significant flexibility in the RNA's tertiary structure.
Vertebrate and ciliate telomerase RNAs seem to lack the flexibility and modularity of the multifunctional TLC1 RNA. The expected rate of divergence of RNA is difficult to calculate, given its dependence on the functional conservation of specific residues. A high rate of yeast TLC1 sequence divergence, however, seems to mirror the high degree of variation among functionally homologous telomere-binding proteins of S. cerevisiae and its more distant relatives. It is possible that additional requirements for telomerase RNA in some organisms are incompatible with the yeast flexible scaffold; but perhaps more likely is the possibility that the flexible scaffold structure confers an as yet unknown selective advantage in budding yeasts.
The synergy between molecular biology and phylogenetic studies of TLC1 bodes well for future successes that will address key issues that should ultimately reveal the secrets underlying the mechanism of telomerase activity. 
